The suspended solids in the Tank 43H Enrichment Control Program sample contained 1.85 wt% uranium with a 235 U enrichment of 0.52%. The bulk of the other material in the solids is iron oxide and sodium aluminosilicate (cancrinite).
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Introduction
The atmospheric-pressure evaporator systems at the Savannah River Site (SRS) tank farms remove water from High-Level Waste (HLW) to reduce the volume of waste requiring storage. The current feeds into the 2H-evaporator system originated as the recycle stream from the Defense Waste Processing Facility (DWPF). Tank 43H is the current feed tank in the 2H-evaporator system. A previous heel of sludge in Tank 43H contained uranium that was well above natural 235 U enrichment (as high as 48% 235 U enrichment). 1 In the summer of 2001, about 21,000 gallons of depleted uranyl carbonate was added to Tank 43H in order to deplete the 235 U in the supernate so that the supernate could be evaporated with no risk of criticality. 2 An Enrichment Control Program (ECP) was initiated that required sampling of the 2H-evaporator feed and drop tanks (Tanks 43H and 38H, respectively) to determine the 235 U enrichment of the supernate. 3 The Tank 43H ECP sample was taken 100 inches from the bottom of the tank in Riser H. This elevation is the same elevation as the entrance to the feed eductor located in Riser R.
In December 2004, a variable depth ECP sample was pulled from Tank 43H and sent to the F/ H Area Analytical Laboratory (C-Lab) for analysis. When solids were unexpectedly discovered in the sample, a portion of the material was shipped to SRNL for further characterization. Analysis of the sample by SRNL began in early January 2005. The analysis of the supernate, washed solids, and wash-water is included in this report. The focus of the solids analysis was on microscopy, analysis for uranium and plutonium isotopics, and metals analysis.
The unexpected discovery of solids in a sample from the 100-inch sampling level of Tank 43H brought into question the applicability of using the Sludge Level Turbidity Meter to determine dilute slurry ranges. Thus, this report also contains a series of scoping tests examining the response of the Sludge Level Turbidity Meter to intermediate concentrations of solids. Simulated sludge suspended in water was used for these scoping tests.
Samples
In late December 2004, SRNL received one Tank 43H sample from C-Lab. The sample was labeled H Tk43 Enrich., 24 Dec 2004, and had the C-Lab ID of 200377750. This sample was originally part of the Tank 43H Enrichment Control Program and was pulled on December 24, 2004. This sample was the settled solids portion of a larger (potentially 100 to 200 mL) sample sent to C-Lab. The SRNL sample contained 47.5 mL (63.588 g) of material with a bulk density of 1.34 g/mL. Uncertainty on the density is approximated as ± 0.03 g/mL. The bulk material was opaque and dark brown to black in color. Figure 1 shows a picture (taken trough the shielded cells window and color adjusted) of the sample poured into two 30 mL polypropylene beakers. Subsequent filtration of the bulk sample material showed it to be composed of dark brown to black solids suspended in clear, light yellow liquid. Previous CLab analysis of the liquid portion of this sample revealed that it had a density of 1.3409 g/mL and contained 13 mg/L uranium with 0.51% 235 U enrichment. 
Sample Analysis
Sample preparation work was performed in the SRNL shielded cells, cell B10. The sample was agitated, opened, and poured into 30 mL polypropylene beakers for weight and volume measurement. Approximately 5 mL of the sample was filtered and small portions of the unwashed filter cake was analyzed by X-ray diffraction (XRD) spectroscopy and by scanning electron microscopy (SEM) with energy dispersive spectroscopy (EDS).
For chemical and radiological analysis, the original material was first separated into its liquid and solid fractions. A total of 29.31 grams of slurry was centrifuged in two 15 mL polypropylene centrifuge tubes until the solids were compacted to a constant volume. The clarified liquid (henceforth referred to as "supernate") was decanted from each of the tubes. Subsequently, a total of 21.09 grams of 0.015 M NaOH solution was added to the solids and the material was mixed. This washing was performed in order to dilute the remaining interstitial fluid without significantly dissolving the solids. The material was again centrifuged to a constant solids level and the clarified dilute liquid (henceforth referred to as "wash") was decanted. The total of 5.40 grams of wet, washed solids was dried to a constant weight at 90 °C, yielding 2.23 grams of dry solids. Comparing the dry washed solids mass with the original slurry mass, the as-received slurry is estimated to contain 7.6 wt % solids with a one-sigma standard deviation of 0.1% resulting from the duplicate measurements.
The supernate and the wash solutions were prepared for analysis by warm acid (nitric) strike. This acidic dissolution method is designed to retain the majority of the compounds in solution and provide a method for accurate silicon analysis. The solids were dissolved using a hot nitric/hydrofluoric/hydrochloric acid treatment. This hybrid method was designed to dissolve these potentially high silicon, high iron solids. Some solids remained even after the dissolution process, but these solids were light gray to white and had a much faster settling behavior compared with the original solids. Additional hot concentrated hydrofluoric acid was used to attempt to dissolve the remaining solids. This dissolution was ineffective, so the remaining solids were contacted repeatedly with heated boric acid. There was evidence that the solids were slowly dissolving, but considerable solids remained at the completion of several contacts (comparable to approximately 20% of the original solid mass). Data for the portion of the solids dissolved to this point are presented in this report as the "solids" composition. The remaining undissolved material was treated with sodium peroxide fusion digestion with nitric acid uptake. This effectively dissolved the residual solid material.
All samples (supernate, wash, solids, and remaining solids) were analyzed by inductively coupled plasma -emission spectroscopy (ICP-ES) for metals, inductively coupled plasmamass spectroscopy (ICP-MS) for actinides and fission products, and by gamma counting for 137 Cs. Solids and remaining solids samples only were analyzed for plutonium isotopics by radiochemical separation and counting methods. For sample handling and disposal reasons, 0.5 grams of the original slurry was diluted in 10 grams of deionized water and submitted for acid digestion and mercury analysis by cold-vapor atomic absorption (CVAA) spectroscopy.
Results and Discussion
Chemical and Radiological Analyses Table 1, Table 2, and Table 3 contain the ICP-MS results for actinides, the radiochemical counting results for Cs-137 and plutonium isotopes, and the ICP-ES results for metals, respectively. The columns represent the average and the standard deviations of the duplicate separation and analysis of the initially soluble (Supernate) portion of the sample, the water from a single washing of the solids (Wash), and the resulting washed solids (Solids). The results for the solids reported in the tables contains only the portion that dissolved in the heated HNO 3 /HF/HCl dissolution and the subsequent strikes with HF and boric acid. It does not contain the results from the subsequent peroxide fusion digestion of the residual undissolved solids. As seen in Table 5 , assigning oxides and hydroxides of metals show that about 77% of the elemental breakdown of the material can be accounted for. The balance of the solids not accounted for are likely aluminum, as discussed in the next paragraph, and anions of sodium salts. Boron content of the solids is not reported due to use of boric acid in the preparation method. Values preceded by "<" were present at less than the method detection limits, and values preceded by "<=" are a combination of values from above and below method detection limits.
The peroxide fusion digestion of the solids that did not dissolve initially revealed that the undissolved material was primarily contained aluminum. The warm acid dissolution likely dissolved the original solids and precipitated aluminum-containing solids out of solution due to the large solution concentrations of aluminum and fluoride. Thus, the aluminum value reported for the Solids reported in Table 3 and Table 5 are biased low and does not represent the total amount of aluminum in the original solids. Although the undissolved material contained traces of some other metals, most are insignificant when compared with the quantities that did dissolve. The undissolved solids contained too little uranium to determine its enrichment, and the contribution to the enrichment in the original solids is insignificant.
A sample of the slurry was diluted and analyzed for mercury by CVAA after digestion by ADS. The result showed the slurry to contain 1380 mg/L of mercury, which was likely concentrated in the solids.
The uranium results for the Tank 43H sample are summarized in Table 6 . As with the supernate previously analyzed by C-Lab, the solids had a U-235 enrichment less than that of natural uranium (0.52%). The bulk of the uranium contained in the sample was in the solids. The low uranium enrichment of the sample material is contrary to the high enrichment of the original Tank 43H sludge. 
Microscopy and Spectroscopy
Originally, solids were isolated by filtration and analyzed by XRD and SEM. The preparation for these analyses did not include washing of the solids to remove components in the remaining interstitial supernate. Thus, some components observed in this analysis (sodium nitrate and sodium nitrite) were likely contributed by the interstitial supernate and were not likely part of the original sample solids. Figure 2 shows the XRD spectra for the unwashed Tank 43H solids. The major components of the crystals identified are the residual salts sodium nitrate, sodium nitrite, and sodium carbonate. The other phases noted include cancrinite (sodium aluminsilicate), clarkeite (uranium oxy-hydroxide), magnetite (iron oxide), and quartz (silicon oxide). Additionally, the noisy and elevated baseline of the spectra obtained suggests that the solids contained additional amorphous materials, which cannot be characterized by XRD.
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Page 13 of 23 Spot 7 Spot 8 Figure 3 and Figure 4 contain the SEM photos and the corresponding XEDS spectra for the Tank 43H solids. General area raster scans showed a strong response for oxygen, sodium, and iron; a moderate response for aluminum, silicon, and carbon, and a smaller response for calcium, magnesium, and uranium. While the results from these large-area scans of two different portions of the sample insoluble solids agreed well with each other, spot scans showed the concentrations of some materials to be highly localized. Many of the more focused scans of particles revealed this sample to contain localized regions rich in either uranium, iron, or mercury. Typically, the silicon and aluminum peaks were approximately the same size. One area of the solids (Spot 6) was substantially different from the other locations investigated. This spot had a large peak for silicon with a very small peak for aluminum. Other components at that location were magnesium and oxygen, with smaller response for sulfur, chlorine, carbon, and zinc.
Solids Settling Test
SRNL investigated the settling behavior of the solids in the as-received Tank 43H sample.
We performed a simple test in which 5.1 mL of slurry was introduced to each of two 10 mL graduated cylinders. The overall height of this 5.1 mL slurry was 2.5 inches. The cylinders were capped, left undisturbed, and observed periodically. Over the first three days of settling, the rate of decent of the settled zone interface was approximately 1/8-inch per day. After this period, further compaction was observed at a slower rate.
The cylinders used in this test are shown in Figure 5 , where insert a is on the initial day of testing and insert b is on the 15 th day of testing. Settling appeared to be in the zone-settling and compaction regimes, where a distinct interface is evident between the clarified supernate and the compacted solids (see insert b in Figure 5 ). As seen in Figure 6 , the solids settled to about 70% of their original volume within two weeks, and additional settling from two to eight weeks was insignificant. This is in contrast with centrifuging 10.4 mL of as received sample (insert c in Figure 5 and dashed line in Figure 6 ), where the solids were compacted into only about 22% of the overall volume. 
Sludge Level Turbidity Meter Testing
The turbidity of suspensions in a fluid media is typically measured by passing a light through a suspension and observing the light scattered 90° from the incident light. As more light is scattered by suspended solids, more light would be detected by the sensor observing 90°scattered light. If the solids loading of the slurry is increased to a level that scattered light is subsequently blocked or absorbed and does not reach the detector, the light reaching the detector would start to decrease. Thus, the 90° scattering turbidity measurement might give similar low detected light results for very clear liquids and very concentrated slurries. Therefore, a typical turbidity meter might not provide the best results for detecting the level of interface between clear supernate and concentrated slurry. A standard turbidity meter is, however, appropriate for testing dilute slurries of sludge. Figure 7 contains turbidity results of dilute sludge and monosodium titanate slurries adapted from a previous report. 5 The turbidity measured with the 90°-scattered-light meter begins to plateau above sludge solids of 0.01 wt%. The Sludge Level Turbidity Meter, however, has a different design than the typical turbidity meter. The detector is pointed toward the incident light, and the detector measures light transmitted through the slurry rather than that scattered by the slurry. The sludge level turbidity meter that is used by the HLW tank farms at SRS observes transmitted light. This type of meter is not a true turbidity meter, as mechanisms other than scattering (such as absorption by the liquid or particles) may contribute to the response. 6 Previous studies of the behavior of an earlier incarnation of the Sludge Level Turbidity Meter, then called the ESP Turbidity Meter, were preformed in the TNX Sludge Receipt Tank. 7 The meter adequately determined the level of a sharp interface between settled sludge and clarified supernate, but testing did not include moderately turbid dilute suspensions of sludge.
For this testing, SRNL made turbid solutions of simulated HLW sludge. The specific lot of sludge used in these preparations was prepared at Clemson University in support of Sludge Batch 2. First, as much supernate as possible was removed from the sludge. Next, water was added to the SB2 sludge to dilute the interstitial liquid. The sludge was drained, dried, and re-suspended in varying amounts water. Soluble solids in the final sludge slurries contributed only about 0.1% relative to the total solids. A series of two-liter test solutions were prepared with the following insoluble sludge solids levels: 0.008 wt%, 0.04 wt%, 0.09 wt%, 0.2 wt%, 0.4 wt%, and 1 wt%. Most of these test solutions have suspended sludge solids at levels greater than those practical for determining turbidity by 90° scattering. With a standard turbidity meter, the 0.008 wt% solution read 145 NTU and the 0.04 wt% solution read 422 NTU. Figure 9 is a photograph of 30 mL aliquots of the test solution lighted from behind.
The Tank Farm Sludge Level Turbidity Meter is composed of a tape measure and cable that lowers the detector head into a HLW tank. As seen in Figure 8 , the detection head of the meter is a single-use item made of low cost materials. One leg of the meter is a flashlight bulb inside of a centrifuge tube cabled to a 6V battery on the tanktop. The other leg is a PerkenElmer photocell model VT23N1 (inside a centrifuge tube and pointed in the general detection of the bulb) that is connected to an ohm-meter at the tanktop. The unit tested had an original gap between the two legs of 2-1/8 inches.
Bench-scale testing of the Sludge Level Turbidity Meter at SRNL involved taking resistance readings of the stirred 2 L test solutions inside of a test beaker. The test beaker was a 4 L stainless steel beaker with the inside surfaces painted flat black to reduce reflection. The beaker was covered with an opaque black lid to eliminate the influence of ambient light. The solutions were mixed to a vortex to assure constant solids content. The light source was activated and the meter head, as seen in Figure 8 , was lowered into the testing apparatus. Readings were recorded with the meter head situated at several locations in the beaker. The resistance of the photocell was monitored using a Fluke model 8060A multimeter.
In general, two categories of responses were obtained from the Sludge Level Turbidity Meter. For the more dilute slurries, the resistance reading would rise to a constant value within the first five seconds that the meter was placed in solution. For this response, the constant value obtained was recorded, and the meter was moved to different locations in the test solution for comparison. For the more concentrated slurries, very little light reached the detector after it was lowered into the solution and the resistance rose continuously.
The results from this testing are shown in Table 7 . The unit was reconfigured for a gap of one inch between the light tube and the detector tube and additional readings were obtained. The ranges reported are variations with location in the testing beaker and between repeated tests. Data that are not reported as time dependent had essentially reached constant values within five seconds, and data reported as time dependant continued to increase even after the five minute period of data recording. Figure 10 and Figure 11 contain graphical representations of the data.
The original detector gave readings that continued to increase with time for the slurries of 0.2 wt% solids and greater. Due to the lack of light reaching the detector, this system was not able to differentiate between slurries of 0.4 wt% solids and greater. This unit did, however, clearly respond to solids well below the Tank Farm level of interest for transfers of 1 wt%. As expected, reducing the gap between the light source and the detector influenced the readings of concentrated slurries. Since reducing the gap allowed more light to reach the detector, the system was able to differentiate between more concentrated slurries.
The trends noted here should hold for actual-waste sludge slurries, but the exact meter readings are likely a function of particle size. The solutions tested represented smaller sludge particles as could be suspended in actual-waste. Because only one Sludge Level Turbidity Meter unit was used in these tests, we can not precisely extend these results directly to other units due to the uncertainty of variation between different units. 
